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Summary 

After a brief discussion ofUystron operation, a transfer characteristic is derived 
for a klystron. The effects of the non-linearity on a combined television sound and vision 
signal are discussed. A simplified klystron transfer characteristic is derived and a design 
of circuit is suggested for narrow band pre-correction of the input signal to the klystron 
for elimination of the effects of its non-linear behaviour on a television signal. 



1. Introduction 

Klystron amplifiers currently used for UHF television 
broadcasting from main transmitting stations and from 
translator stations are, at present, severely underrun when 
used to transmit sound and vision signals simultaneously, in 
order to reduce the effects of non-linear distortion to 
acceptable levels. This is extremely inefficient and a 
method of using present devices at higher output powers 
would be highly desirable. 

The mechanism of amplification in a klystron depends 
on the dynamic behaviour of a beam of electrons, and is 
fundamentally non-linear, so that a change of klystron 
design would not bring about any improvement. 

The long group delay through a klystron prohibits 
the use of negative feedback to reduce non-linear distortion. 
Two further methods remain which can be used to improve 
the linearity of the device; pre-distortion of the input 
signal by a non-linear law which is the inverse of the kly- 
stron non-linear law, and post-correction where a low level 
correcting signal is added to the transmitter output to 
cancel the distortions generated by the klystron. 

In this report a transfer characteristic for a simple 
two-cavity klystron is derived using a ballistic theory already 
justified by other authors.^ '^'■^' Ideally the effects of 
non-linearity could be overcome by pre-correcting the input 
signal with a suitable circuit having the inverse of this trans- 
fer characteristic.- Complete pre-correction would only be 
possible in a system with a very large bandwidth and, is 
therefore not applicable to a klystron because of the band 
limiting effect of the tuned cavities which form part of the 
amplifier and couple with the electron beam. Methods are 
discussed, which can reduce the levels of those few in-band 
products which prove most objectionable, to the level of the 
next most noticeable effects, thus permitting an increase 
in the useable power of existing transmitters. 



2. Transfer characteristic of a two-cavity klystron 

2 3 4 9 

Briefly a two-cavity klystron operates as follows. ' ' ' 
An electron gun generates a uniform beam of electrons 
(typically 2/4 at20^F) which passes through the gap in the 
input cavity (Fig. 1). A coupling loop introduces signal 
energy into the cavity which produces a magnified electric 
field across the gap in the direction of the beam. The 
velocity of the electron beam is modulated by the r.f. 
field across the gap and, as the electrons drift along a field 
free region the faster ones begin to overtake the slower ones 
and bunching occurs.* When the bunched beam passes the 
output cavity the r.f. energy associated with the current 
variations is coupled into the cavity and a loop couples this 
energy into an output feeder. 



r.f, input 
^^ 



input cavity 

focusing 
electrodes. 



cathode 



loops coupling into 

input and output 

. cavities . 



r.f, output 




Fig. 1 - A two-cavity klystron 



• The longitudinal magnetic field used to focus tlie beam does not 
affect the forward velocity of the beam. 
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3. Ballistic analysis of the electron beam 



where t^ are roots of 



In Appendix A a transfer function for a velocity modu- 
lated electron beam is derived from simple ballistic theory. 
Equations (A(11)) and (A(12)) show the output current 
I{j), at time Tj in terms of the input signal V^x{t) at time 
t. For a sinusoidal input where x(?) = sin cjt Equations 
(A(11)) and (A(12)) may be written: 



T = t 



K 



sin cot 



and 



/(t)=/o/(1 -Kcoscjt) 

K 

T = t sin CO? 

w 



(1) 
(2) 



where K is the so-called bunching parameter which is pro- 
portional to the amplitude of the input signal, and lo is the 
mean beam current. 

Fig. 2 shows how, for a sinusoidal input, the output 
current /(r) of the klystron beam may be derived by apply- 
ing the solution of (2), graphically to (1) to eliminate the 
variable r. 
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Fig. 2 - The current waveform at the klystron output 
cavity for sinusoidal input (no overbunching of electrons) 

[a) Shows the relationship between T and t for a sinusoidal drive 

K . 

T = t sincor 

OJ 

(6) Shows how/(7) varies with time at the input (Eq. 1 ) 

(c) Shows the actual output current lU) measured at the output 

cavity found by combining graph (a) with graph (b) 
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The modulus sign in (3) is needed as electrons arriving 
at the output in reverse order from that in which they left 
the input will still register as a positive current through the 
gap. The solution to Equation (2) will have either single 
values, or odd numbers of values, the number of solutions 
increasing as K increases. In practice K never exceeds a 
value where there are more than three solutions. Figure 3 
shows the output current for a sinusoidal input when/ is a 
little less than 1-5. 
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Fig. 3 ■ Overbunching at the output for a large amplitude 
sinusoidal input 

(a) Shows the multiple values of r as a function of t 

(b) Shows how/(T) varies with t 

(c) Shows the net result of the contributions from (ft) to the total 
output current 

Currents at X\ms% A, B and C in 3(b) contribute to the current at 
time D in 3(c). A , B and C in Z(a) show the multiple solution of t 
for one value of T (at D) 



For a sinusoidal input where K>^ (2) will become 
multivalued and this corresponds to some overtaking of 
electrons, causing 'over bunching' of the beam. Equations 
(1) and (2) must then be modified to account for this as 
1(t) will comprise contributions from more than one por- 
tion of the input signal. Equations (1) and (2) may be com- 
bined to give a fuller description of the behaviour of the 
electron beam for any value of K. 



/(r) 



1 — A' cos co?„ 



(3) 



By an extension of this argument, for a general input 
function, as discussed in Appendix A, the transfer equation 
of the electron beam becomes, by modifying (A12): 






where t^ are roots of 



1 — nt)„ 



(4) 



s-A 

T = t X(t) 



In principle Equation (4) describes the ballistic behaviour of 
the beam however much 'over bunching' occurs although 
the output waveform may not be readily deduced because 
of the intrinsic time relationship. 
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r = 1 



„3,9 



Equation (12) has been plotted by several authors ' for a 
number of values of A" (see Fig. 4). 



Because the transfer equation of the klystron is im- 
plicit in time it does not give a readily understandable 
description of the distortion caused by a klystron. The 
output waveform may be more conveniently expressed as a 
series of Fourier components once the form of input wave- 
form has been specified. This has in fact been done by 
several authors for a single tone* input and for the sum of 
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two and three tones. 
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written 



For a single tone input, the output /(r) may be n|m 
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By changing the Integral variable in (6) and referring to (3) 
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Fig. 4 - Waveform of current entering output cavity of two- 
cavity l<lystron 
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If bunching is limited so that electrons contributing to one 
cycle of signal on the beam, are conserved within the cycle 
throughout the bunching process, then all solutions for 

K 

r = t^ sin w/^„ (9) 

CO 

lie within —■n<ojt^<Tr and so (8) may be written as 
7r 



By a similar approach, it has been shown that, for a 
three tone input, the beam at the output contains frequency 
components with amplitudes proportional to 
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(11) 



«m«p = Jm(«)-J«(/^'4'T'' 



y = K^{mf^ +nf^ +Pf 3)^/3 



(13) 



(14) 



* 'tone' is used as a convenient term for a single-frequency r.f ..signal. 



m, n, p, are integers, positive or negative andf^,f^,f^ are 
frequencies of the input tones. A,, K^, K^ are the 
'bunching parameters' of the three signals, defined as for 
Equation 12 with a value which would apply if each tone 
were applied in the absence of the other two. 

The mutual repulsion of electrons in the beam, which 
has been neglected in this analysis, has been found to leave 



the form of the output very little different from that 
described by Equation 13 except that the values of the 
bunching factors K^, K^, K^, need slight modification. 
The de-bunching of the beam due to space charge shortens 
the effective lengths of the drift spaces. 

N.B. In the case of a single tone where A'^ = K^ =« =p = 0, 
Equation 13 reduces to 

«moo = Jm ^"^^^ 
which compares with the coefficients of Equation (12). 

The saturated output power occurs where the output 
at the fundamental frequency is at a maximum. This is 
when Jj (K) is a maximum, i.e. when A" = 1-84 and J^ (K) = 
0-582. It is convenient to express the levels of inputs and 
outputs relative to this value. The output powers at 
various frequencies generated by a three tone input can be 
written as: 



P V' F 
mnp \ _ mnp 



J^(a)J„(P)J (T) 



(15) 



with a, ji and y re'def ined as 






(16) 



where K^, K^, K^ are the normalised bunching parameters, 
Pq and Pff^np ^""^ saturated output power and power at 
^fi + '^/j + P/3 respectively and F^ is a factor depending 
upon the amplitude/frequency characteristics of the kly- 
stron cavities. 

4. The effect of cavities. Multicavity l<lystrons 

Whereas Equation (4) describes the non-linear behaviour 
of the electron beam, the complete transfer characteristic 
of the klystron is affected by the frequency response of the 
tuned cavities. Non-linear products generated by the 
electron beam will be coupled, to varying degrees, by the 
output cavity to the output of the device, depending on 
their frequency. Harmonics and products outside the pass- 
bands* of the cavities will not be coupled to the beam. In 
order to increase the bandwidth and gain of a klystron 
amplifier it is normal practice to cascade two or three 
amplifying sections along the same electron beam by means 
of intermediate cavities resistively loaded and stagger-tuned. 
The r.f. power level in the final drift space is higher than in 
the preceding spaces and it is there that the main effects of 
non-linearity occur. It is sufficient in fact to consider the 
final drift space as being the only non-linear part of the 
amplifier. However, the frequency response of the linear 
section prior to the penultimate cavity must be taken into 
consideration when calculating intermodulation products in 
the final drift space as the signal spectrum there will differ 
from that at the klystron input. 

* The harmonics of the beam may well not coincide with higher 
order modes in the cavities. 



5. The effects of non linearity upon the TV 
signal^'^'^'^'^ 

For television transmissions, klystron amplifiers are used 
in either of two ways. At main stations separate klystron 
amplifiers are used to amplify the vision signal and sound 
signal to the required output power levels before they are 
combined in a passive network into a common aerial system. 
The primary effect in the vision amplifier in this case is the 
crushing of the chrominance signal by the stronger lumi- 
nance signal. In a colour picture this causes the colour 
saturation of an object to vary as its brightness varies and 
transmitters are run at about 2 dB lower than saturated 
power level to reduce the effect to an acceptable level. 

In relay stations and, under standby conditions at 
some high power stations when a sound or vision klystron 
has failed, a single klystron is used to amplify both sound 
and vision signals together. Under this conditions, the 
non-linearity introduces distortions into the signal at lower 
operating powers. The most objectionable effects are 
caused by intermodulation products, and occur at 

1) The sound carrier frequency, 

2)/y +/s —fc at 1-57 MHz above vision carrier and 

3) 2/g — /j at 2-85 MHz above vision carrier; 

where f^, f\ and /^ are the frequencies of vision carrier, 
sound carrier and colour subcarrjer respectively. 

1) corresponds to a crushing of the sound carrier by 
the vision carrier and manifests itself as amplitude modula- 
tion of the sound carrier by the line and field synchronising 
pulses. In some domestic receivers, the f.m. sound section 
cannot reject high levels of amplitude modulation and a 
buzz on the output can be heard. (This buzz, due to sound 
crushing in the klystron, is not to be confused with similar 
effects due to receiver non-linearity.) 

2) and 3) are interference patterns on the picture 
which constantly change in phase and amplitude as the 
sound and picture change. Of these, 2) is at the higher level 
and is most noticeable. 

Assessment of television transmitter amplifiers used 
to broadcast a combined sound and vision signal is fre- 
quently made using a three tone test. Three frequencies, 
corresponding to vision carrier, sound carrier and colour 
subcarrier are injected into the klystron at input levels of 
—8 dB, —7 dB and —17 dB relative to peak sync power. If 
the intermodulation product at /^ + /j — /^ is less than 
—52 dB relative to peak sync power then, experience has 
shown, the impairment will be subjectively imperceptible 
under most picture conditions. To reduce the level of the 
{f^ + /j — /g) product to the acceptable level of —52 dB the 
common sound and vision amplifier must be derated by 
some 7 dB more than for vision amplification alone. This 
reduces the efficiency of the amplifier to about 6% and it 
would be a great advantage if a method were developed to 
increase the available power from transmitters without 
raising the level of the non-linear products. 



6. Possibilities of reducing non-linear effects at 
high power 

The length of delay introduced by a klystron amplifier 
is too great for the use of negative feedback to linearise its 
behaviour. Two possibilities remain; post-correction and 
pre-correction of the signal. 

Post-correction of the klystron by adding a correcting 
signal to the output would be one solution to the problem 
of non-linear distortion, but the realisation in practice of 
such a system would be difficult. The correcting signal 
would have to be added to the klystron output in thecorrect 
phase over the bandwidth used and in a way which involved 
no appreciable loss of transmitted power. Whilst this 
method cannot be rejected totally, it is thought that pre- 
correction would be easier and less costly to achieve and it 
is with pre-correction that the latter part of this report 
deals. 



7. Possibilities of pre-correction 

Ideally, the range of output power of a klystron could 
be extended by pre-distorting the input waveform by means 
of a circuit possessing the inverse of the non-linear transfer 
function of the klystron (see Appendix B). The input 
waveform necessary to produce a sinusoidal output from 
the klystron is derived in Appendix C and Figure 5 shows 
that the required input waveform would contain a number 
of high-frequency components to achieve high output 
amplitudes. The input and intermediate cavities would 
severely alter the relative amplitudes and phases of their 
components. Consequently, the possibility of overall pre- 
correction of the signal with a wideband pre-corrector must 
be dismissed. 




Fig. 5 - The input waveform necessary to produce a 
sinusoidal outpu t of various amplitudes 

As complete overall pre-correction would seem to be 
impracticable the possibility of partial pre-correction is now 
discussed. Basically, the only troublesome effects of non- 
linearity are in-band intermodulation products, as any out 
of band products can be controlled by the use of output 
filters. All products of a measureable level which fall with- 
in band must be odd-order and the three most offending 
products are those described in Section 4. 



For pre-correction it is necessary that the input signal 
should have, added to it, components of equal magnitude 
and opposite phase to those generated by the klystron. 
Pre-correction for total cancellation of all in-band products 
would not be possible but, if the three most objectionable 
intermodulation products could be significantly reduced, 
the output power of the klystron could be raised until a new 
set of products produced noticeable impairment. 

These three products could either be generated 
separately and added to the signal or the whole signal could 
be passed through a network which would produce the 
necessary pre-distortion. The latter, would be preferable 
provided that it is possible to control independently the 
phases of the products so generated. 

Reference to the transferfunction (Equation 4) of the 
klystron shows that the non-linearity is not generally in 
power series form, viz. 



V^^,(t)^a + bV,,(t)^cV,^(t^ 



+ rfK|J?^) + ...etc. 



(17) 



The offending in-band products, however, which are 
third order* can be generated by a static non-linearity which 
involves no higher than a 5th degree polynomial with 
suitable coefficients. The function Jj (1-84/<^j )/-582 gives 
the input-output law of the fundamental frequency for a 
single tone input (see Equation (15)) and, for 0<K^<'\ this 
can be approximated to within ±1% by 




- = 1-58^:, --QQ^ZK, 



+ -0797K^^ 



(18) 



It can be easily shown that, to produce a power trans- 
fer characteristic of polynomial form:— 



Vol 



= aK^+a^K^' 



+ «3^.- 



(19) 



the required instantaneous voltage transfer characteristic is 

^out = g|i^i Kin +-.a, V^ +--.^3 F^ + . . . (20) 
3 5 

where 1, /a, ^5 etc. are the so-called 'degeneracy' co- 
efficients and G is the overall gain. A transfer characteristic 
producing the fundamental input/output characteristic of 
Equation (18) would consequently be 

Fout =g|i-58A:j -0-885A'j=' -fO-1278i<:,^[ (21) 

As well as producing a single tone power in/power 
out law approximating to that of a klystron, a non-linearity 
of the form of Equation (21) would produce in band dis- 
tortions closely similar to those produced by a klystron on 
a television signal or three-tone test signal. A pre-corrector 
with the inverse of this law would produce distortions 
which would cancel those generated by the klystron. 
Equation (22) gives a pre-corrector law which would effec- 
tively linearise the system. 

Kout=G'(1-58A^j +0-885A:,^ -Q-21%K^^) (22) 

(G' being the gain or loss of the pre-corrector) 

* See Section 4. 



It is possible that the phases of the intermodulation pro- 
ducts generated by the pre-corrector may need some adjust- 
ment to achieve a high degree of cancellation. The exact 
nature of the phase adjustment required is not known. It 
is possible that a simple variable delay may be sufficient for 
good cancellation but a variation of phase across the video 
band may be found necessary. 

In assessing the performance of a pre-corrector at 
U.H.F. it is more convenient to observe the intermodulation 
products it generates from a three tone signal than to 
measure its input output law. This is possible as the levels 
of the intermodulation products relate to the coefficients 
of the polynomial transfer characteristic. 

Having arrived at a form of circuit that can be expec- 
ted to have the correct sign of curvature to its transfer 
characteristic, study of its action upon a three tone signal 
will then give a convenient assessment of its performance 
prior to its being used in conjunction with a klystron. 



8. Forms of pre-correction circuit 

A circuit in the form shown in Fig. 6 would produce 
a distortion of the general form required (i.e. a stretching 
of the signal at large amplitudes). 




input 



Fig. 6 - Simple form of pre-corrector to 'stretcti' tfie input 
signal at high levels 

This simple circuit has a number of limitations how- 
ever. The knee voltage of available diodes is limited to the 
region of a few hundred millivolts and the forward resis- 



main signal 



tance is, at best, a few tens of ohms. If the correcting 
device is to be placed between the driver amplifier and the 
klystron, powers of up to 1 watt will need to pass through 
it. The degree of 'bending' achievable with the circuit is 
not sufficient, whatever impedance the circuit is designed 
to have. 

Using transistors as in Fig. 7, to perform the same 
function as the diodes in Fig. 6 a power in/power out law 
can be achieved with a knee at about 100 mW. An experi- 
mental circuit of this type has been built and has been 
found to produce an in-band intermodulation product 
corresponding to (/^ +f^ —f^) at a level of —40 dB (relative 
to a notional peak sync power of 100 mW) in a three-tone 
test. Ideally, this product would be of opposite phase to 
that which the klystron would generate and the resulting 
output of the amplifier should contain the intermodulation 




Fig. 7 - Circuit with similar characteristics as in Fig. 6 but 
with 'higher' knee voltage achieved by using transistors 

product at a greatly reduced level due to partial, if not total, 
cancellation. By introducing reactive elements into the 
circuit of Fig. 7 it should be possible to achieve a variation 
in both phase and amplitude of non-linear products. Some 
flexibility could be achieved in the law of the device by 
preceding and following it with variable attenuators with 
complementary characteristics so that the corrector worked 
at a variable level whilst the input level to the kly- 
worked at a variable level whilst the input level to the kly- 
stron remained unchanged. A more complex system which 
would provide more flexible pre-correction is shown in Fig. 
8. This would enable the phases of the products, generated 
by a non-linear circuit, to be varied with respect to the main 
signal. 
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Fig. 8 - Possible pre-correction circuit with phase adjustmen t. Portions B and C are taken from the main signal A. B passes 

through a non-linearity and is subtracted from C using a hybrid ring and suitable attenuators to leave only the non-linear 

products. The phases of these products may then be adjusted and, after amplification, the distorted signal is coupled 

on to the main signal A. An envelope (video) modulator placed in the main signal path could give still more flexibility 



Because of the nature of the klystron non-linearity, it 
is quite likely that all three non-linear effects described in 
Section 4 will not be eliminated simultaneously with one 
setting of the corrector. Further correction could be 
applied as envelope modulation. A suitable modulator 
could be driven by a detected video signal which had been 
modified by a gamma-corrector type of circuit. Such a 
modulation could eliminate crushing of sound and chromi- 
nance carriers by the vision carrier whilst the non-linear 
network in the alternative signal path would provide inter- 
modulation products, variable in amplitude and phase to 
cancel with those produced by the klystron. 

The advantage of this approach lies in the large 
number of parameters that may be varied and, thus the 
wide range of non-linear conditions for which it could 
compensate. 



in-band intermodulation terms can be generated with a 
third and fifth order polynomial and to apply pre-correction 
a suitable radio frequency network must be devised exhibit- 
ing the required 'inverse' properties. 

It may be necessary to include some degree of phase 
adjustment of products from the pre-corrector to ensure 
good cancellation of the principal intermodulation products. 
In addition some video envelope modulation may be con- 
sidered to improve overall linearity. 

It is understood that such pre-correction will be 
limited to use at powers still well below the saturation 
power of the klystron but possible increases in power of 
about 4 dB for combined sound and vision amplifiers is 
believed to be realistic. A system to produce this degree 
of improvement in performance would be highly desirable. 



9. Possible use of an adaptive system 

Long term drift of klystron and pre-corrector charac- 
teristics may limit the amount of correction achievable by 
cancellation of intermodulation products. For a high 
degree of correction necessary to run the klystron at high 
powers, this instability might be overcome by an automatic 
system whereby pre-corrector parameters were changed to 
optimise the performance. 

Several problems would arise with such a system. 
The performance must be judged by comparing input and 
output signals and a suitable criterion signal produced. By 
a series of changes of pre-corrector parameters, the optimum 
setting of the system must be found for any condition of 
the klystron likely to occur. Whether or not the adjust- 
ments to parameters would be best made randomly or 
according to a pre-determined law would depend upon the 
nature of the criterion signal and how it was produced. 

Any such system would be necessarily complex and 
expensive and it has yet to be decided whether the cost and 
effort would be justified in order to increase the usable 
powers of the klystron above those made possible by a pre- 
set system. Work by others would suggest that significant 
improvements in performance may be achieved without 
resorting to an adaptive system. 



10. Conclusions 

Exact pre-correction of the intrinsic non-linearity of 
the klystron is not possible. Nevertheless, a system per- 
mitting substantial power increases and improved efficiency 
is feasible using partial pre-correction. 

The technique to be adopted is to distort signals 
before they are amplified in the klystron by means of a 
polynomial-type non-linearity which contains mainly third 
order and fifth order terms, suitably scaled. It is valid to 
replace actual television signals by the standard three-tone 
signal for purposes of calculation and measurement and on 
the basis of this test signal the levels of in-band inter- 
modulation products produced in a klystron amplifier can 
be calculated. These calculated levels also agree well with 
measured levels. Good approximations to the principal 
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APPENDIX A 
Transfer Function of a Modulated Electron Beam 



The velocity of an electron leaving the electron gun 
will be 



"o = (2r?^'o> 



% 



A(1) 



Where t? is the electronic charge/mass ratio (1-76 x 10" 
coulomb/kg).* A signal V^x{t) applied across the input 
cavity gap (— 1<;»:(^)<1) gives an electron passing the gap at 
time t a velocity u (t) where 



where 



M(^)=Wo(1 + Ax{t)) 



A(2) 



and ^ is the gap coupling factor, dependent upon the gap 
and beam geometry. A has a value considerably less than 
unity. 

This assumes that the drift time of the electron across 
the gap is short enough for the changes in velocity to be 
considered to be impulsive. Such an assumption is 
reasonable as the transit time is less than 1 percent of a 
cycle for a signal at 500 MHz. 

If the length of the drift tube is* the time taken t^ 
for an electron starting at time t to arrive at the output 
gap will be 



or 



r, =-a/M(f) 



A(3) 
A(4) 



As — 1<x(?)<1 term in A and higher orders may be 
dropped 



. — (^ - Av(/^)] 



A(5) 



For an electron leaving the input gap at time 8t later, the 
transit time will be 



■*- / \ 

^h - AxU + 6f) j 



A(6) 



Assuming to begin with, that by the end of the drift 
space, no fast electrons have overtaken slower ones and 
that the mutual repulsion between electrons may be 
neglected the incremental change on the electron beam 52 
which passed the first cavity in time 5f will pass the second 



* For a 10 kEV beam, relativisic effects cause an error of about 1-5 
percent in Equation A(1 ). 



cavity between times {t + t^) and {1 + 7^+ 8t). (See Fig. 



T^ + dt —T^ = 6t 



Let 

Then from A(5) and A(6) 



Now 



Let 



5Q // *a( }\ 

—- = 8Qi8t + —\x(t) -x{t + 8t))- 

S^ \ "o| )/ 



Limit 5G_^__rfeM 

5^^0 



8t dr -z- 

1 x{t) 



So from A(5) 



T+ — = t + T, 



*A 

T = r — ■ x{t) 



A(7) 



A(8) 



A(9) 



A(10) 



A(11) 



Now dQ/dr in A(9) represents the current passing the out- 
put cavity at time r and dQ/dt represents the current (d.c. 
in this case) passing the input cavity at time t. Neglecting 
the term Z/u^ in A(10) which merely represents a constant 
average delay down the drift tube we can write 



/(r)=/„/1 x{t) 



-a-A 



A(12) 



Equation A(12) represents the transfer function of the 
electron beam in implicit form. A(11) shows the relation- 
ship between t and f so the behaviour of the beam is com- 
pletely described by A(11) and A(12) together. The fre- 
quency response of the input and output cavities will 
cause the overall behaviour of a klystron to vary con- 
siderably from this. 



times of leaving 
input cavity 



times of reactiing 
output cavity 
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Fig. 9 ' Electron transit times 



APPENDIX B 
Pre-correction Using an Inverse Characteristic 



The non-linear effects of the klystron could be 
eliminated in principle by pre-distorting the input by means 
of a circuit having the inverse characteristic. Such a pre- 
correction could be achieved in two stages, corresponding 
to the two bunching effects shown in Figure 2 for a 
sinusoid. Firstly a circuit with the inverse characteristic of 
the amplitude function in Figure 2(i) could be employed, 
and secondly a phase distortion to counteract the effect 
shown in Figure 2{a). The first would involve a transfer 
function of the form 



^out=^ 




B(1) 



which can be seen to be the inverse of the expression 
contained in the modulus sign of Equation 4. 

The required phase distortion would involve a delay 
line through which the propagation time depended upon 
the amplitude of the signal - thus 



V.uAt)=V.Jt + RV-Jt)). 



B(2) 



This approach would be fundamentally limited to ampli- 
tudes for which the time Equation A(11) has single valued 
solutions, corresponding to running the amplifier at levels 
below that at which over bunching occurs. 



APPENDIX C 
Synthesis of a Sinusoidal Wave at the Output of a Klystron 



In order to produce a given output waveform at a high 
level from a klystron it is necessary to input a signal with a 
waveform such that the non-linearity of the klystron will 
distort the input signal into that which is required at the 
output. 

Assuming, for simplicity, that a sinusoidal output is 
required then the current in the beam at the output will be 



/(t)=/o{1 +Gsinw/) 
From Equation 4 we have 

1 + G sin(WT)= / J 



tn 



1 -K'V^(t^) 



C(1) 



C(2) 



where V (t) is the input waveform 



and ty^ - K'V^{t„) = r determines the values of t^ over 
which the RHS of C(2) is to be evaluated. 

Provided V^ (t) is restricted in amplitude so that there is 
only one value of f„ for each t 



1 +Gsin 



cot-K'cjVj 



l-^Kj(f) 



C(3) 



1 -K'V^it) 



sm 



co{t-K'V^{t) 



= K'VAt) C{4) 



The LHS of Equation C(4) may be expressed as 
oj(t-K'V^(t)) [ 



G d { 

--(cos 

codq 



so that 



cos 



u(t 






C{5) 



C(6) 



The most convenient form of solution of Equation C(6) is 
the pair of parametric equations 



and 



V = — cos 

K cj 



cot = —G cos 



C{7) 



C(7A) 



Figure 6 shows V^ {wt) plotted for various values of G. For 
the equations? - K'V^ {t) = t to have single-valued solutions 
G must not be greater than unity. This condition is also 
necessary to satisfy the requirement for non-reversal of 
beam current. 

Of course, the high rates of change of input voltage 
shown by Fig. 5 to be necessary to produce a large output 
signal will be unattainable due to the frequency selective 
behaviour of the early cavities in the klystron. 
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